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1.0 INTRODUCTION 

October 2007 Whole Effluent Toxicity Testing 
Shell Seattle Terminal; Harbor Island 

Acute and chronic whole effluent toxicity tests were conducted using effluent samples collected 

from Shell Harbor Island Oil Refinery in October 2007. Acute bioassays were conducted using 

the test organisms Menidia ben;llina (silverside minnows) and Americamysis bahia (a mysid 

shrimp and formerly known as Mysidopsis bahia). Chronic testing was conducted using A. bahia 

and Atherinops affinis (Pacific topsmelt). Testing was performed at Nautilus Environmental' s 

Washington Laboratory located in Tacoma, Washington. 

2.0 METHODS 

2.1 Sample Collection and Transport 

24-hr. composite effluent samples were collected into HDPE cubitainers by PES Environmental 

personnel. The samples were packed in coolers containing ice and transported to Nautilus the 

days of collection. Appropriate chain-of-custody procedures were employed during collection 

and transport. 

2.2 Sample Receipt 

Nautilus staff checked the samples immediately after arrival at the laboratory and verified they 

were in good condition and matched information provided on the chain-of-custody forms. 

Receipt temperatures were measured and recorded on the chain-of-custody form for each 

sample. Standard water quality parameters consisting of dissolved oxygen (DO), pH, 

conductivity, salinity, alkalinity, hardness, total chlorine, and total ammonia were measured 

and recorded on a sample check-in sheet provided in Appendix F. Samples were stored at 4°C 

in the dark until used for testing. 

2.3 Test Methods 

Acute toxicity tests were conducted using M. beryllina and A. bahia according to procedures 

presented by USEPA (2002a). Chronic toxicity tests were conducted according to USEP A 

(2002b) procedures for A. bahia and USEPA (1995) procedures for A. affinis. Test methods are 

summarized in Tables 1 through 4. The methods are the most recently published EPA methods. 

Nautilus Environmental 
Washington Laboratory 
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October 2007 Whole Effluent Toxicity Testing 
Shell Seattle Terminal; Harbor Island 

Table 1. Summary of methods for the 48h Americamysis bahia acute survival test. 

Test initiation date and time 
Test termination date and time 
Test organism 
Test organism source 

Test organism age 
Test duration 

Feeding 

Test chamber 

Test solution volume 
Test temperature 
Dilution water 

Salinity 
Test concentrations (% sample) 

Number of organisms/ chamber 

Number of replicates 
Photoperiod 
Aeration 

Test protocol 
Test acceptability criterion for controls 
Reference toxicant 

10/16/2007;1655h 
10/18/2007;1635h 
Americamysis Bahia 

Aquatic BioSystems; Fort Collins, CO 
4 days post hatch 
48 hours with solution renewal at 24 hours 

Artemia nauplii during holding time and 2 hours prior to 
solution renewal 
250 mL plastic cup 
200mL 

25 ± 1°c 
Crystal Sea Marine Mix artificial seawater 
30 ± 2 ppt 
100, 50, 25, 12.5, 6.25, laboratory control 

10 
4 

16 hours light/8 hours dark 
Samples aerated prior to dilution 
EPA-821-R-02-012 
~ 90% survival 
Copper chloride 

Table 2. Summary of methods for the 96h Menidia beryllina acute survival test. 

Test initiation date and time 10/16/2007; 1545h 
Test termination date and time 10/20/2007; 1600h 
Test organism 
Test organism source 
Test organism age 
Test duration 
Feeding 

Test chamber 
Test solution volume 
Test temperature 
Dilution water 
Salinity 
Test concentrations(% sample) 
Number of organisms/ chamber 
Number of replicates 
Photo period 
Aeration 

Test protocol 
Test acceptability criterion for controls 
Reference toxicant 

Nautilus Environmental 
Washington Laboratory 

Menidia beryllina 

Aquatic BioSystems; Fort Collins, CO 
12 days post hatch 
96 hours with solution renewal at 48 hours 

Artemia nauplii during holding time and 2 hours prior to 
solution renewal 

1000 mL glass jar 
250mL 

25 ± 1°c 
Crystal Sea Marine Mix artificial seawater 
30 ± 2ppt 
100, 50, 25, 12.5, 6.25, laboratory control 

10 
4 

16 hours light/8 hours dark 
Samples aerated prior to dilution 
EPA-821-R-02-012 
~ 90% survival 
Copper chloride 

2 
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October 2007 Whole Effluent Toxicity Testing 
Shell Seattle Terminal; Harbor Island 

Table 3. Summary of methods for the Americamysis bahia 7-day survival and growth test. 

Test initiation date and time 10/16/2007; 1615h 
Test termination date and time 10/23/2007; 1515h 
Test Type Static renewal 
Endpoint Survival and growth at 7 days 
Test organism Americamysis bahia 
Test organism source Aquatic BioSystems; Fort Collins, CO 
Test organism age 7 days post-hatch 

Feeding Artemia nauplii, twice daily 
Test chamber and solution volume 250 mL plastic cup 
Test solution volume 200 mL 
Test temperature 
Dilution water 
Salinity 
Test concentrations (% sample) 
Number of organisms/ chamber 
Number of replicates 
Photoperiod 
Aeration 
Test protocol 
Test acceptability criterion for controls 
Reference toxicant 

26 ± 1°C 
Crystal Sea Marine Mix artificial seawater 
30 ± 2ppt 
100, 50, 25, 12.5, 6.25, laboratory control 
5 

8 

16 hours light/8 hours dark 
Samples aerated prior to dilution 
EPA-821-R-02-014 
2': 80% survival; average dry weight 2': 0.20 mg 
Copper chloride 

Table 4. Summary of methods for the Atherinops affinis 7-day survival and growth test. 

Test initiation date and time 10/16/2007; 1445h 
Test termination date and time 10/23/2007; 1445h 
Test Type Static renewal 
Endpoint Survival and growth at 7 days 
Test organism Atherinops affinis 
Test organism source Aquatic BioSystems; Fort Collins, CO 
Test organism age 10 days post-hatch 
Feeding Artemia nauplii, twice daily 
Test chamber 1-liter plastic cups 
Test solution volume 500 mL 
Test temperature 
Dilution water 
Salinity 

Test concentrations (% sample) 
Number of organisms/ chamber 
Number of replicates 

Photoperiod 
Aeration 
Test protocol 
Test acceptability criterion for controls 
Reference toxicant 

Nautilus Environmental 
Washington Laboratory 

20 ± 1°c 
Crystal Sea Marine Mix artificial seawater 
30 ± 2ppt 

100, 50, 25, 12.5, 6.25, laboratory control 
5 

5 

16 hours light/8 hours dark 
Samples aerated prior to dilution 
EP A-600-R-95-136 
2': 80% survival; average dry weight~ 0.85 mg 
Copper chloride 

3 
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3.0 RESULTS 

October 2007 Whole Effluent Toxicity Testing 
Shell Seattle Terminal; Harbor Island 

Details of standard water quality measurements conducted upon receipt of samples are 

provided in Table 5. 

Table 5. Sample information. 

Sample ID WET 

Nautilus Log-In Number 07-505 07-516 07-520 

Collection date and time 10/15/2007;0740h 10/17/2007;0820h 10/19/2007;0815h 

Receipt date and time 10/15/2007;0900h 10/17/2007;1047h 10/19/2007;1005h 

Receipt temperature (0 C) 12.0 12.0 11.2 

Dissolved oxygen (mg/L) 2.0 2.2 8.5 

pH 6.89 6.94 7.34 

Conductivity (µS/ cm) 70 73 55 

Hardness (mg/L CaCO3) 56 76 72 

Alkalinity (mg/L CaCO3) 40 36 28 

Total Chlorine (mg/L) <0.03 0.08 0.1 

Total Ammonia (mg/L) <1 <1 <1 

Survival was evaluated in the acute toxicity tests after 48 and 96 hours of exposure for A. bahia 

and M. beryllina, respectively. Results are summarized in Table 6. Mean survival in 100 percent 

effluent was 95 percent for the rnysid shrimp and 100 percent for the silverside minnows. 

Table 6. Summary of results for the acute toxicity tests. 

Species Concentration Percent Survival NOECa LOECb 
(%) (% effluent) (

0/4> effluent) 

A. bahia 0.0 90.0 100 >100 

(mysid shrimp) 6.25 100 
12.5 95.0 
25 100 
50 95.0 

100 95.0 

M. ben;llina 0.0 100 100 >100 

( silverside 6.25 100 
minnows) 12.5 97.5 

25 97.5 
50 92.5 

100 100 

aNo Observed Effect Concentration, bLowest Observed Effect Concentration 

Nautilus Environmental 
Washington Laboratory 

LCso 
(% effluent) 

>100 

>100 
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October 2007 Whole Effluent Toxicity Testing 
Shell Seattle Terminal; Harbor Island 

Results for the chronic toxicity tests are summarized in Table 7. The mysid shrimp and 

topsmelt tests involved a 7-day static-renewal exposure to the effluent. The endpoints for these 

tests were survival and growth (evaluated on the basis of dry weight) at the end of the 7-day 

exposure. 

No statistically significant difference in response occurred in any concentration relative to 

control data for either survival or growth, including the acute and chronic critical effluent 

concentrations (ACEC and CCEC) of 100 percent sample. 

Table 7. Summary of results for the chronic toxicity tests. 

Test Species Endpoint NOECa 

A. bahia (mysid shrimp) 

A. affinis (topsmelt) 

Survival 
Growth 

Survival 
Growth 

(% effluent) 

100 
100 

100 
100 

3No Observed Effect Concentration, b Lowest Observed Effect Concentration 

4.0 QA/QC 

LOECb 
(% effluent) 

>100 
>100 

>100 
>100 

The samples were received in good condition and within the temperature range specified by 

WDOE (2005). The toxicity tests met all acceptability criteria for performance of control 

organisms. There were no deviations from the protocols and all water quality parameters 

remained within the ranges specified in the corresponding test methods throughout the tests. 

Results for the reference toxicant tests used to monitor laboratory performance and test 

organism sensitivity are summarized in Table 8. The results for the reference toxicant tests fell 

within the acceptable range of mean ± two standard deviations of historical test results, 

indicating that the tests organisms were of an appropriate degree of sensitivity. The coefficients 

of variation (CV) for the tests are also shown in the table. 

Nautilus Environmental 
Washington Laboratory 
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Table 8. Reference toxicant test results. 

Species Date initiated Endpoint 

A. bahia 10/17/2007 48h Survival 

M. beryllina 10/17/2007 96h Survival 

A. bahia 10/23/2007 7d Survival 

A. bahia 10/23/2007 Growth 

A. affinis · 10/23/2007 7d Survival 

A. affinis 10/23/2007 Growth 

October 2007 Whole Effluent Toxicity Testing 
Shell Seattle Terminal; Harbor Island 

ECso Acceptable Range CV 
{µg/L co:e:eer} {µg/L co:e:eer} (%) 

246 16.6-861 48.1 

161 161-449.2 23.6 

341 116.7-565.9 32.9 

272 123.1-474.5 29.4 

83.7 27-175.2 36.7 

99.6 23-191.6 39.3 

REFERENCES 
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USEPA. 2002b. Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Marine and Estuarine Organisms, Third Edition. EPA-821-R-02-014. 

USEPA. 1995. Short-Term Method for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to the West Coast Marine and Estuarine Organisms. EPA-600-R-95-136. 
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Appendix A 

Americamysis bahia (Mysid Shrimp) Acute Toxicity Test 

Statistical Summaries and Raw Bench Sheets 
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CETIS Summary Report 

Mysid Acute 

Test Run No: 01-7557-1061 Test Type: 

Start Date: 16 Oct-07 16:55 Protocol: 

Ending Date: 18 Oct-07 16:35 Species: 

Duration: 48h Source: 

Sample No: 18-0619-5398 Code: 

Sample Date: 15 Oct-07 07:40 Material: 

Receive Date: 15 Oct-07 09:00 Source: 

Sample Age: 33h (12 °C) Station: 

Sample Renewals 

Renewal Sample Code Sample Date 

1 07-516 17 Oct-07 08:20 

2 07-520 19 Oct-07 08: 15 

Comparison Summary 

Analysis No Endpoint 
12-0223-6115 48h Survival Rate 

48h Survival Rate Summary 

Cone-% Control Type Count Mean 

0 Dilution Water 4 0.9 

6.25 4 1 

12.5 4 0.95 

25 4 1 

50 4 0.95 

100 4 0.95 

48h Survival Rate Detail 

Cone-% Control Type Rep 1 Rep2 

0 Dilution Water 1 1 

6.25 1 1 

12.5 1 0.9 

25 1 1 

50 1 0.9 

100 0.9 1 

000-089-163-2 

Survival (48h) 

EPA/821/R-02-012 (2002) 

Americamysis bahia 

Aquatic Biosystems, CO 

1806195398 

Oil Refinery Effluent 

Shell Seattle Terminal (WA0001791) 

Receive Date Renewal Date 

17 Oct-07 10:47 18 Oct-07 00:00 

19 Oct-07 10:05 20 Oct-07 00:00 

Report Date: 

link/link Code: 

13 Nov-07 11 :46 (p 1 of 1) 

11-0184-4829/071 0-T035 

Nautilus Environmental WA 

Analyst: Eric Tollefson 

Diluent: Artificial Saltwater 

Brine: Crystal Sea Marine Mix 

Age: 4d 

Client: 

Project: 

Temp °C 
12 

11.2 

NOEL LOEL TOEL PMSD Method 
100 > 100 NIA 14.9% Steel Many-One Rank Test 

95% LCL 95% UCL Min Max Std Err Std Dev CV% Diff¾ 

0.825 0.975 0.6 1 0.0365 0.2 22.2% 0.0% 

1 1 1 1 0 0 0.0% -11.1% 

0.928 0.972 0.9 1 0.0105 0.0577 6.08% -5.56% 

1 1 1 1 0 0 0.0% -11.1% 

0.928 0.972 0.9 1 0.0105 0.0577 6.08% -5.56% 

0.928 0.972 0.9 1 0.0105 0.0577 6.08% -5.56% 

Rep3 Rep4 

0.6 1 

1 1 

1 0.9 

1 1 

0.9 1 

1 0.9 

CETIS™ v1 .6.3revG Analyst:_~-=---- QA: 

HI-SHELL001238



Client: 6htl 1 flttrbtrr J.s~r1ct 
Sample ID: \VtT-1- IN5D7 

Test# bl <o-TD35 

Saltwater Acute 
48 Hour Toxicity Test Data Sheet 

Nautilus Environmental 

Start Date & Time: -----1---1'--"-,,-,.;;;­

End Date & Time: --,,-......... --=---~'--
Test Organisms: ..Lil.LII.;a:.i.~.....LJ.'.J..11..a.!...:>2. 

[f,,55 

JR~ 
Cone. 

or 
Number of 

live Organisms 
Dissolved Oxygen pH Salinity " Temperature Mean 

(m /L (units) pt) (°C Percent 
Fin. !nit. Fin. !nit. Fin. lnit. Fin. lnit. Survival 

- - . . - - 4 24 - - . - . . - - . - - . - -

1z._ • .; 

2 
3 
4 

2 
3 
4 

IP 
2 
3 
4 

Technician Initials , l 1 , • l 1 - r 

Dilution Water Batch #:M- ~.,Jt{:1e,✓ to{{p 
l½fe: h'n.o.l wa/~ ra..J,' J ~ f L ~ ;t; 411_; N e.N'~ .t 

cl , Sample Description: 

~ ¥' C, ½. Ya.~ Uvrul<-- ✓. 

Comments: 0 hrs: 
24 hrs. 
48 hrs. 

~~~t_tJ Organism source:. 
Date Received: / Nautilus Environmental 

5009 Pacific Hwy. E. Suite 2 
Tacoma, WA 98424 

Date of Hatch: \ Cl 

(lY J<,. &~.) ha AjL. ~ QA check: Kr /) 
C6f, e 1.. h 'ii" a t/J 'vl,.. 1w ~ o 7- 11 s 7 

(253) 922-4296 
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AppendixB 

Menidia beryllina (Silverside Minnows) Acute Toxicity Test 

Statistical Summaries and Raw Bench Sheets 
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CETIS Summary Report 

Inland Silverside 96-h Acute Survival Test 

Test Run No: 18-9529-8664 Test Type: 

Start Date: 16 Oct-0715:45 Protocol: 

Ending Date: 20 Oct-07 16:00 Species: 

Duration: 4d Oh Source: 

Sample No: 18-0619-5398 Code: 

Sample Date: 15 Oct-07 07:40 Material: 

Receive Date: 15 Oct-07 09:00 Source: 

Sample Age: 32h (12 °C) Station: 

Comparison Summary 

Analysis No Endpoint 

08-7689-224 7 96h Survival Rate 

Test Acceptability 

Survival (96h) 

EPA/821/R-02-012 (2002) 

Menidia beryllina 

Aquatic Biosystems, CO 

1806195398 

Oil Refinery Effluent 

Shell Seattle Terminal (WA0001791) 

NOEL LOEL TOEL 

100 > 100 N/A 

Report Date: 13 Nov-07 11:47 (p 1 of 1) 

08-0716-0769/071 0-T033 Link/Link Code: 

Nautilus Environmental WA 

Analyst: Eric Tollefson 

Diluent: Artificial Saltwater 

Brine: Crystal Sea Marine Mix 

Age: 12d 

Client: 

Project: 

PMSD Method 

6.45% Steel Many-One Rank Test 

Analysis No Endpoint ' Attribute Test Stat Acceptabilty Limits Overlap Decision 

08-7689-2247 96h Survival Rate Control Resp 1 0.9- NL Yes Passes acceptability criteria 

96h Survival Rate Summary 

Cone-% Control Type Count Mean 95% LCL 95% UCL Min Max Std Err Std Dev CV% Diff% 
0 Dilution Water 4 1 1 1 1 1 0 0 0.0% 0.0% 

6.25 4 1 1 1 1 1 0 0 0.0% 0.0% 

12.5 4 0.975 0.956 0.994 0.9 1 0.00913 0.05 5.13% 2.5% 

25 4 0.975 0.956 0.994 0.9 1 0.00913 0.05 5.13% 2.5% 

50 4 0.925 0.906 0.944 0.9 1 0.00913 0.05 5.41% 7.5% 

100 4 1 1 1 1 1 0 0 0.0% 0.0% 

96h Survival Rate Detail 

Cone-% Control Type Rep 1 Rep2 Rep3 Rep4 

0 Dilution Water 1 1 1 1 
6.25 1 1 1 1 

12.5 1 1 1 0.9 

25 1 0.9 1 1 

50 0.9 0.9 1 0.9 

100 1 1 1 1 

000-089-163-2 CETIS™ v1.6.3revG Analyst:_tt ... ·· __ QA:-1[_ 
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Nautilus Environmental 
Washington Laboratory 
5009 Pacific Hwy. E., Suite 2 
Tacoma, WA 98424 

Client: ~OJt H~, I~ 
Sample ID: \il~T-1- lot5o7 

Test# D {D-T033 
Nautilus Check-In#: t>]-S:05 

D.O. I QH 
Sample (m /L) (m /L) 

Cone. or:Q lnit. Fin. lnit. Fin. !nit. Fin. lnit. Fin. 

0 ~ ~ ~ 72 00 0 ~ ~ ~ 72 00 

Salinity Test Temperature 

Sampl~ ppt (DC) 

Cone. or lnit. Fin. lnit. Fin. Fin. lnit. Fin. lnit. Fin. 
0 24 48 48 72 96 0 24 48 48 72..,. 96 

CJJJJ l:J93 :n.1- 30.0 2.'tl .?0-3 .;1.0 !~£.~ 25,f, ;J..5./ ~s.a ~.l'.. 2.!o.S 
6'.d..S l.'.195 30.0 ;::A c:, 1-zcy_L{ 3o.o !.31./ ¥./ 1'i'. ~ Qc; I 'd.5".3 a~.{I) -?6.1, 
la.5 IJC,5 t't. 'l 30.9 2_q.7 '2io.1 ~1 ~.I 26.'t ']£; d. ~.d g~ .1 ?&i."3 
d.E d.9.~ 1'1-'l 30.(; '2'1.1- ?JD.lo -~l,2- d.5.(f 2.5. 't -:is./ ~-d. a~ .lo 25.5 
c:::n 3.q( 30.1 ;)~ i Z9.°t io.t 30.5 a5.0 25.8 ~5./ ~-'t ~Lf.(g 2:;.fl 

Ion .11.t 2'1. 'I 30.1 1'l.Z. ~1-0 3).lf ;l.5,l 25'. 8 %.~ ~3 1.4-A 26~ 
Tech. Initials cu- (t!;I IRT Pr c& i6 
Sample Used: #-1 I <tr' ,z,..--

Dilution Water Batch#: tDJkiot A6tv 

Sample Description: 
Comments: Ftd_7~7aJ°L'fB:"jjj'J1/;?"" __________ _ 

QA Check: 

96 Hour Toxicity Test Data Sheet 
Saltwater 96-hr Acute with Renewal 

Start Date & Time: ·-· •vfil .··· . ~ 
End Date & Time: t~ fWD 

Test Organism: Me:;a beryllina 

Number of 

Sample' Rep Cont Live Organisms 
Cone. or Q/ # # 0 24 48 72 

rnA} 1 s 10 10 10 to 
2 I 10 )0 Jo to 
3 cl½ 10 lo lo lo 
4 Jl 10 10 t) {O 

(;.'.)c 1 IC: 10 /0 f) Jo 
2 1; 10 [O Jo /0 
3 ~ 10 to Jo /0 
4 3 10 (0 10 10 

IJ..S 1 ~d.. 10 10 .10 ID 

2 ( 10 ro Jo lo 
3 /'i( 10 10 lo lo 
4 Is 10 10 i'n ({) 

.:lS 1 'J,./ 10 10 0 In 
2 )0 10 lo I() fO 
3 n 10 10 lo If) 
4 d0 10 lo lt'Y (O 

Sn 1 I l 10 Jo '1 q 
2 g 10 10 0 /0 
3 7 10 10 0 /0 
4 q 10 10 c:r Cf 

/On 1 /9 10 ID 0 IV 
2 't 10 10 0 LO 
3 a.,3 10 ID 0 £0 
4 /4 10 10 /a to 

Tech. Initials v- (t,J~ ~t (fl:, 

96 
lo 
1D 
lO 
lO 

/0 
10 
10 
,o 
lo 

lO 
io 
q 
fr, 

q 
Lo 

ID 
q 
Of 
lo 
q 
10 
IO 
[{} 

1-0 
~ 

Organism Source: A ~5 
Date Received: ==10:1:f=Jra===================== 
Date of Hatch: ___,_/o_,_/-'-lf-~/°1~----------

~tU/2-~-~-;o/)cf~ ~ 1 eN\J~ m l uw tr(\ CON e, t2 1,-,, -su. OJYY~✓ ,_, llc-tion.,, hn ?cn---o z, i · 
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AppendixC 

Americamysis bahia (Mysid Shrimp) Chronic Test 

Statistical Summaries and Raw Bench Sheets 
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CETIS Summary Report 

Mysidopsis 7-d Survival, Growth and Fecundity Test 

Test Run No: 02-9283-3561 Test Type: Growth-Survival-Fee (7d) 

Start Date: 16 Oct-0716:15 Protocol: EPA/821/R-02-014 (2002) 

Ending Date: 23 Oct-07 15:15 Species: Americamysis bahia 

Duration: Gd 23h Source: Aquatic Biosystems, CO 

Sample No: 18-0619-5398 Code: 1806195398 

Sample Date: 15 Oct-07 07:40 Material: Oil Refinery Effluent 

Receive Date: 15 Oct-07 09:00 Source: Shell Seattle Terminal (WA0001791) 

Sample Age: 33h (12 °C) Station: 

Comparison Summary 

Analysis No Endpoint NOEL LOEL TOEL 
18-8310-8617 7d Survival Rate 100 > 100 N/A 
1 0-5469-0340 Mean Dry Biomass-mg 100 > 100 N/A 

Test Acceptability 

Report Date: 13 Nov-07 11:47 (p 1 of 1) 

01-5182-7309/071 0-T034 Link/Link Code: 

Nautilus Environmental WA 

Analyst: Eric Tollefson 

Diluent: Artificial Saltwater 

Brine: Crystal Sea Marine Mix 

Age: 7d 

Client: 

Project: 

PMSD Method 
13.6% Steel Many-One Rank Test 
17.5% Dunnett's Multiple Comparison Test 

Analysis No Endpoint Attribute Test Stat Acceptabilty Limits Overlap Decision 
18-8310-8617 7d Survival Rate Control Resp 0.925 0.8- NL Yes Passes acceptability criteria 
10-5469-0340 Mean Dry Biomass-mg Control Resp 0.312 0.2 - NL Yes Passes acceptability criteria 
1 0-5469-0340 Mean Dry Biomass-mg PMSD 0.175 0.11 - 0.37 Yes Passes acceptability criteria 

7d Survival Rate Summary 

Cone-% Control Type Count Mean 95% LCL 95% UCL Min Max Std Err Std Dev CV% Diff¾ 
0 Dilution Water 8 0.925 0.869 0.981 0.6 1 0.0272 0.149 16.1% 0.0% 

6.25 8 0.925 0.869 0.981 0.6 1 0.0272 0.149 16.1% 0.0% 

12.5 8 1 1 1 1 1 0 0 0.0% -8.11 % 

25 8 0.925 0.886 0.964 0.8 1 0.0189 0.104 11.2% 0.0% 

50 8 0.9 0.844 0.956 0.6 1 0.0276 0.151 16.8% 2.7% 

100 8 1 1 1 1 1 0 0 0.0% -8.11% 

Mean Dry Biomass-mg Summary 

Cone-% Control Type Count Mean 95% LCL 95% UCL Min Max Std Err Std Dev CV% Diff¾ 
0 Dilution Water 8 0.312 0.295 0.329 0.226 0.362 0.00833 0.0456 14.6% 0.0% 

6.25 8 0.316 0.293 0.338 0.178 0.378 0.0112 0.0614 19.5% -1.04% 

12.5 8 0.322 0.313 0.331 0.29 0.354 0.00431 0.0236 7.33% -3.12% 

25 8 0.321 0.3 0.342 0.242 0.396 0.0102 0.0558 17.4% -2.8% 

50 8 0.332 0.311 0.354 0.252 0.39 0.0105 0.0577 17.4% -6.41 % 

100 8 0.311 0.301 0.32 0.276 0.346 0.00462 0.0253 8.14% 0.48% 

7d Survival Rate Detail 

Cone-% Control Type Rep 1 Rep2 Rep3 Rep4 Rep5 Rep6 Rep7 RepB 

0 Dilution Water 0.6 1 1 1 0.8 1 1 1 

6.25 1 0.6 0.8 1 1 1 1 1 

12.5 1 1 1 1 1 1 1 1 

25 1 1 0.8 1 0.8 0.8 1 1 

50 1 0.8 1 1 0.6 0.8 1 1 

100 1 1 1 1 1 1 1 1 

Mean Dry Biomass-mg Detail 

Cone-% Control Type Rep 1 Rep2 Rep3 Rep4 Rep 5 Rep6 Rep7 RepB 

0 Dilution Water 0.226 0.362 0.308 0.308 0.272 0.332 0.36 0.33 

6.25 0.316 0.178 0.29 0.338 0.358 0.334 0.378 0.332 

12.5 0.354 0.306 0.294 0.338 0.334 0.318 0.342 0.29 

25 0.27 0.396 0.284 0.374 0.312 0.242 0.314 0.376 

50 0.384 0.252 0.356 0.296 0.256 0.336 0.388 0.39 

100 0.294 0.276 0.288 0.312 0.346 0.34 0.328 0.302 

000-089-163-2 CETIS™ v1 .6.3revG Analyst:~t ... t-- QA: FT 
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Concentration 
% Replicate 

1 
2 
3 

Control 4 
5 
6 
7 
8 
1 
2 
3 

6.25 4 
5 
6 
7 
8 
1 
2 
3 

12.5 4 
5 
6 
7 
8 
1 
2 
3 

25 4 
5 
6 
7 
8 
1 
2 
3 

50 4 
5 
6 
7 
8 
1 
2 
3 

100 4 
5 
6 
7 
8 

Shell Harbor Island 
Americamysis bahia Chronic Survival & Growth 

Test Initiation: October 16, 2007 

Survival Growth 
Mean% Tare Weight Total Weight Weight per 

#Alive % Survival Survival mg mg Mysid"(mg) 

3 60 43.08 44.21 0.226 
5 100 44.70 46.51 0.362 
5 100 41.51 43.05 0.308 
5 100 92.5 43.71 45.25 0.308 
4 80 42.53 43.89 0.272 
5 100 41.03 42.69 0.332 
5 100 45.32 47.12 0.360 
5 100 42.75 44.40 0.330 
5 100 42.29 43.87 0.316 
3 60 47.65 48.54 0.178 
4 80 43.52 44.97 0.290 
5 100 92.5 42.27 43.96 0.338 
5 100 44.60 46.39 0.358 
5 100 43.98 45.65 0.334 
5 100 41.96 43.85 0.378 
5 100 42.34 44.00 0.332 
5 100 46.82 48.59 0.354 
5 100 51.75 53.28 0.306 
5 100 41.91 43.38 0.294 
5 100 100 40.71 42.40 0.338 
5 100 43.25 44.92 0.334 
5 100 41.03 42.62 0.318 
5 100 45.07 46.78 0.342 
5 100 42.88 44.33 0.290 
5 100 44.1 45.45 0.270 
5 100 40.5 42.48 0.396 
4 80 40.16 41.58 0.284 
5 100 92.5 42.27 44.14 0.374 
4 80 37.51 39.07 0.312 
4 80 40.09 41.30 0.242 
5 100 43.92 45.49 0.314 
5 100 45.48 47.36 0.376 
5 100 40.88 42.80 0.384 
4 80 38.93 40.19 0.252 
5 100 46.82 48.60 0.356 
5 100 90.0 46.22 47.70 0.296 
3 60 48.87 50.15 0.256 
4 80 44.53 46.21 0.336 
5 100 43.09 45.03 0.388 
5 100 40.26 42.21 0.390 
5 100 43.71 45.18 0.294 
5 100 45.61 46.99 0.276 
5 100 43.36 44.80 0.288 
5 100 100 39.42 40.98 0.312 
5 100 39.71 41.44 0.346 
5 100 40.45 42.15 0.340 
5 100 40.87 42.51 0.328 
5 100 45.06 46.57 0.302 

Mean 
Welght(mg) 

0.312 

0.316 

0.322 

0.321 

0.332 

0.311 

a- Weight per mysid evaluated using the combined growth & survival endpoint. Divide weight per container by initial rnysid count. 
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Initial and Final Chemistries 

Client: 6ht,,ll ll&d2or lsJttncL 
Sample ID: 
Test No: 
Nautilus Check-In #: 

Concentration 
t,,D,-.i 

pH 
DO (mg/I) 

Salinity (ppt) 
Temperature (0 C) 

pH 
DO (mg/I) 

Salinity (ppt) 
Temperature (°C) 

pH 
DO (mg/I) 

Salinity (ppt) 
Temperature (0 C) 

Concentration 
Zs-
pH 

DO (mg/I) 
Salinity (ppt) 

Temperature (0 C) 

Concentration 
S-0 
pH 

DO (mg/I) 
Salinity (ppt) 

Temperature (0 C) 

Concentration 

IVD 
pH. 

DO (mg/I) 
Salinity (ppt) 

Temperature (0 C) 

Tech Initials: 

Sample Description: 
Organism Source: 
Date Received: 
Date of Hatch: 

Seven Day Chronic Saltwater Bioa say 

Start Date & Time: 

Stop Date & Time: 

Test species: --JALI.LLm.Lic:::ll..!..!:1i~~=--==:..!.:.!:'.=------
DJ -62i) 

Comments: 

Nautilus Environmental 
Washington Laboratory 
5009 Pacific Hwy. E., Suite 2 
Tacoma, WA 98424 

QA Check: 
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Nautilus Environmental 
Washington Laboratory 
5009 Pacific Hwy. E., Suite 2 
Tacoma, WA 98424 

Client: 

Sample ID: l,uET- l - Jot'507 

Cont. Rep. 

'-I 1 

5"" 2 
3 5 
4 5 
5 5 
6 5 
7 5 
8 5 
1 5 
2 5 
3 5 
4 5 
5 5 
6 5 
7 5 
8 5 

/ZS 1 5 
2 5 
3 5 
4 5 
5 5 
6 5 

J.'7 7 5 
/(p 8 

Technician Initials 

4 - 5 ~ 

s-
5 
C. _, 

s 
..5 
5 
s 

5 

Raw Data Sheet 
Mysid Shrimp 

(Americamysis bahia) 
Mysid Survival 

Test Number: o7lo-To3! 

s 0 
s 
s 

5 
-S; 

-5 

s 

Feeding Times: 0 1 o/'-/5 2 fj.3Q 3 1/,/S 4 7J.O 5 715 6 .t/5 

r:113( (755 /~OCJ l(f'f /C,}S 
--

15116 t.GS 
QA check 

Comments: 
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-Nautilus Environmental 
Washington Laboratory 
5009 Pacific Hwy. E., Suite 2 
Tacoma, WA 98424 

Raw Data Sheet 
Mysid Shrimp 

(Americamysis bahia) 
Mysid Survival 

Client: Test Number: O 7 /O-703 't 

Sample ID: NE:T-t- lD t'5ol 

Cont. Rep. 

1 
2 5 
3 5 

I 4 5 
5 5 
6 5 

10 7 5 
8 5 

D 1 5 
2 5 

3 5 

2.4 4 5 

II 5 5 
6 5 

7 5 

17 8 5 

/f}O 1 5 
2 5 

12- 3 5 
4 5 
5 5 

42- 6 5 
7 5 
8 

Technician Initials 

Feeding Times: 0 __ 1 945 2 8:!rJ 3~'JJS 4 7J.o 5 716 6 S?/5 
173( 175S l<Oo 7fil1 7'fTs J5M5 --rtis° 

QA check \(.{ 

Comments: 
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Nautilus Environ-mental 
Washington Laboratory 
5009 Pacific Hwy. E., Suite 2 
Tacoma, WA 98424 

Client: 

Sample ID: 

Rep. 
1 
2 
3 
4 

5 
6 

w 7 
8 
1 
2 
3 
4 

2.. 5 

3} 6 
z-:;. 7 

8" 8 

z..s- 3 1 

-35"" 2 

t./~ 3 
4 

I 5 

D 6 
2.q 7 

!f o 8 

Tech Initials: 

, 

. 
, 

. 

. 
, 

. 

' . 
. 

. 

Date/Time in: l rl.La3.t.rf7 
Date/Time out: Io /.7, ~ [.D--:., 

mysid wt. # 
(mg) mysids 

3 

I 5' 
5 5 

5" 
1+ 
5' 
5' 
5 
5 
3 

5 

• 0'-/.3 85' 5' 
~ 

3 

8 

l5l5 Oven temp. (°C): (;O 

L/fJ"l) Oven temp. (°C): ft;O 

Raw Data Sheet 
Mysid Weights 

Seven Day Chronic Bioassay 

Species: Americamysis bahia 

Test Number: 07 Jo-To3'J 

avg. per mysid avg. per cone. 
(mg) 

·) 

QACheck: ~ 
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Nautilus Environmental 
Washington Laboratory 
5009 Pacific Hwy. E., Suite 2 

Tacoma, WA 98424 

Client: tShttf Hcu:hpy Island..,. 

Sample ID: WGT - 1 - l0{5D7 

"o pan wt. pan+ mysid mysid wt. 
C nc. Cont. Rep. (gm) (gm) (mg) 
'1-e;; 14 1 . 04S-4 

&I 2 
' 

.ot(-2-L/8' 
3 0 
4 • [J 

5 ,03 5 . o 3 CJo-=/-
6 I .Ot..f/3 

IV 7 
8 , 

1 . 
,3l) 2 
2./ 3 

2.4 4 

JI 5 
u, 6 

t./ 7 , 

I'?' 8 . 
D 9 1 . 

2-'i> 2 

I 'Z- 3 
4 
5 . 
6 
7 
8 

Tech Initials: 

Date/Time in: 10L~Jlftl ts/~ Oven temp. (°C): 
Date/Time out: 10L-z5'Lo1- 11 D"D Oven temp. (°C): 

# 
mysids 

5" 
s--
4-
s-
Lf 

s--
5' 
'o 

5" 
5" 
3 

'5 
5"' 
5 
15" 

€'a 
(al) 

Raw Data Sheet 
Mysid Weights 

Seven Day Chronic Bioassay 

Species: Americamysis bahia 

Test Number: O]IO-T03't 

avg. per mysid avg. per cone. 
(mg) 

QA Check: krr: 
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AppendixD 

Atherinops affinis (Pacific Topsmelt) Chronic Test 

Statistical Summaries and Raw Bench Sheets 
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CETIS Summary Report 

Pacific Topsmelt 7-d Survival and Growth Test 

Test Run No: 06-9461-407 4 Test Type: 

Start Date: 16 Oct-07 14:45 Protocol: 
Ending Date: 23 Oct-07 14:45 Species: 
Duration: 7d Oh Source: 

Sample No: 18-0619-5398 Code: 
Sample Date: 15 Oct-07 07:40 Material: 
Receive Date: 15 Oct-07 09:00 Source: 

Sample Age: 31h(12°C) Station: 

Comparison Summary 

Analysis No Endpoint 
12-0440-7190 7d Survival Rate 
06-8594-5832 Mean Dry Biomass-mg 

Test Acceptability 

Growth-Survival (7d) 

EPA/600/R-95/136 (1995) 

Atherinops affinis 

Aquatic Biosystems, CO 

1806195398 

Oil Refinery Effluent 

Shell Seattle Terminal (WA0001791) 

NOEL LOEL TOEL 

100 > 100 NIA 
100 > 100 N/A 

Report Date: 13 Nov-07 11 :47 (p 1 of 1) 

17-5068-6967 /071 0-T032 Link/Link Code: 

Nautilus Environmental WA 

Analyst: Eric Tollefson 

Diluent: Artificial Saltwater 

Brine: Crystal Sea Marine Mix 
Age: 10d 

Client: 

Project: 

PMSD Method 
9.1% Steel Many-One Rank Test 
22.9% Dunnett's Multiple Comparison Test 

Analysis No Endpoint Attribute Test Stat Acceptabilty Limits Overlap Decision 
12-0440-7190 7d Survival Rate Control Resp 0.96 0.8- NL Yes Passes acceptability criteria 
06-8594-5832 Mean Dry Biomass-mg Control Resp 1.51 0.85- NL Yes Passes acceptability criteria 
12-0440-7190 7d Survival Rate PMSD 0.091 NL- 0.25 No Passes acceptability criteria 
06-8594-5832 Mean Dry Biomass-mg PMSD 0.229 NL- 0.5 No Passes acceptability criteria 

7d Survival Rate Summary 

Cone-% Control Type Count Mean 95% LCL 95% UCL Min Max Std Err Std Dev CV% Diff¾ 

0 Dilution Water 5 0.96 0.927 0.993 0.8 1 0.0163 0.0894 9.32% 0.0% 

6.25 5 0.96 0.927 0.993 0.8 1 0.0163 0.0894 9.32% 0.0% 

12.5 5 1 1 1 1 1 0 0 0.0% -4.17% 

25 5 1 1 1 1 1 0 0 0.0% -4.17% 

50 5 1 1 1 1 1 0 0 0.0% -4.17% 

100 5 1 1 1 1 1 0 0 0.0% -4.17% 

Mean Dry Biomass-mg Summary 

Cone-% Control Type Count Mean 95% LCL 95% UCL Min Max Std Err Std Dev CV% Diff¾ 

0 Dilution Water 5 1.51 1.42 1.61 1.26 1.83 0.0454 0.248 16.4% 0.0% 

6.25 5 1.42 1.34 1.51 1.06 1.62 0.0402 0.22 15.5% 5.94% 

12.5 5 1.4 1.35 1.45 1.2 1.52 0.0247 0.135 9.65% 7.53% 

25 5 1.52 1.41 1.63 1.1 1.88 0.0543 0.297 19.6% -0.13% 

50 5 1.69 1.59 1.79 1.32 2.04 0.0484 0.265 15.7% -11.4% 

100 5 1.58 1.51 1.65 1.29 1.8 0.0351 0.192 12.1% -4.49% 

7d Survival Rate Detail 

Cone-% Control Type Rep 1 Rep2 Rep3 Rep4 Rep5 

0 Dilution Water 1 1 1 0.8 1 

6.25 1 0.8 1 1 1 

12.5 1 1 1 1 1 

25 1 1 1 1 1 

50 1 1 1 1 1 

100 1 1 1 1 1 

Mean Dry Biomass-mg Detail 

Cone-% Control Type Rep 1 Rep2 Rep3 Rep4 Rep5 

0 Dilution Water 1.83 1.55 1.26 1.67 1.27 

6.25 1.44 1.06 1.57 1.44 1.62 

12.5 1.49 1.2 1.33 1.46 1.52 

25 1.38 1.67 1.56 1.1 1.88 

50 1.8 1.62 2.04 1.32 1.66 

100 1.29 1.55 1.7 1.57 1.8 

000-089-163-2 CETIS™ v1 .6.3revG Analyst:~ 
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Concentration 
% Replicate 

1 
2 

Control 3 
4 
5 
1 
2 

6.25 3 
4 
5 
1 
2 

12.5 3 
4 
5 
1 
2 

25 3 
4 
5 
1 
2 

50 3 
4 
5 
1 
2 

100 3 
4 
5 

Shell Harbor Island 
Atherinops affinis Chronic Survival & Growth 

Test Initiation: October 16, 2007 

Survival Growth 
Mean% Tare Weight Total Weight Weight per 

#Alive % Survival Survival mg ma Fish• (mal 
5 100 39.32 48.45 1.83 
5 100 43.55 51.29 1.55 
5 100 96 45.45 51.74 1.26 
4 80 39.25 47.60 1.67 
5 100 39.58 45.94 1.27 
5 100 45.52 52.72 1.44 
4 80 39.26 44.54 1.06 
5 100 96 38.84 46.69 1.57 
5 100 38.76 45.97 1.44 
5 100 44.74 52.82 1.62 
5 100 41.47 48.94 1.49 
5 100 47.30 53.30 1.20 
5 100 100 42.44 49.07 1.33 
5 100 43.38 50.69 1.46 
5 100 39.38 46.99 1.52 
5 100 51.17 58.06 1.38 
5 100 41.46 49.79 1.67 
5 100 100 45.27 53.06 1.56 
5 100 43.99 49.48 1.10 
5 100 42.90 52.32 1.88 
5 100 38.09 47.11 1.80 
5 100 49.99 58.08 1.62 
5 100 100 41.07 51.27 2.04 
5 45.01 51.59 1.32 
5 100 38.25 46.55 1.66 
5 100 41.47 47.92 1.29 
5 100 42.47 50.23 1.55 
5 100 100 39.59 48.09 1.70 
5 100 47.35 55.21 1.57 
5 100 40.05 49.05 1.80 

Mean Weight 
(ma) 

1.51 

1.42 

1.40 

1.52 

1.69 

1.58 

a- Weight per fish evaluated using the combined growth & survival endpoint. Divide weight per container by initial fish count. 
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Initial and Final Chemistries 

Client: 
Sample ID: 
Test No: 
Nautilus Check-In #: 

Concentration 
wrJ 

pH 
DO (mg/I) 

Salinity (ppt) 
Temperature {°C) 

Concentration 
(().Zs 

pH 
DO (mg/I) 

Salinity (ppt) 
Temperature {°C) 

Concentration 
,2.c;-

pH 
DO (mg/I) 

Salinity (ppt) 
Temperature (0 C) 

Concentration 
zc;-
pH 

DO (mg/I) 
Salinity (ppt) 

Temperature (°C) 

pH 
DO (mg/I) 

Salinity (ppt) 
Temperature (°C) 

Concentration 
loo 
pH 

DO (mg/I) 
Salinity (ppt) 

Temperature (0 C) 
Tech Initials: 

Dilution Water Batch#: /D& {o1 /6l.LJ 

Sample Description: 
Organism Source: 
Date Received: 
Date of Hatch: 

Seven Day Chronic Saltwater Bioassay 
. 

Start Date & Time: 10 / /6/CC, I lf 'f 5 
Stop Date & Time: ~'23/D~~ 5 
Test species: Afn0•=»$' /6 

DJ,'521> 

Comments: 

Nautilus Environmental 
Washington Laboratory 
5009 Pacific Hwy. E., Suite 2 
Tacoma, WA 98424 

QA Check: 
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Nautilus Environmental 
Washington Laboratory 
5009 Pacific Hwy. E., Suite 2 
Tacoma, WA 98424 

Client Name: 

Sample ID: 

5h t-1/ lb-rwc I .S /W1t!l 

wer-1-10L5D7 

Cont. Rep. 
JZ.. 1 
z_q 2 5 

3 5 
II 4 5 

1.3 5 5 
1 5 

2-"2- 2 5 
3 5 

I Ip 4 5 

2- 5 5 

11....~ 1-7 1 5 
2 5 .5 

20 3 5 5 
11 4 5 

5 5 
1 5 
2 5 

s- 3 5 
I 4 5 

30 5 5 

0 i../ 1 5 
1 2 5 

15 3 5 
13 4 5 

Zs 5 5 

/00 14 1 5 
z. 2 5 
ltf' 3 5 
3 4 5 

5 
Tech Initials 

5 
s 
5 

Raw Data Sheet 
Pacific Topsmelt 

(Atherinops a/finis) 
Larval Survival 

Test No.: Q7[0-TD32 

5 
£;' 5 
s s 
s 
s 

.S" £ 
5 .5 

s 
5 
-5 

€; 

5 

Feeding Times: o 1--3.!&_2 ?JjO 3 il5 4 12.0 5_]__}2_6 il5 
17:3~ 11'55 l(eoo tlifif ~ 1545 lt,;15 

Comments: QA Check kr 
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Nautilus Environmental 
Washington Laboratory 
5009 Pacific Hwy., E. Suite 2 
Tacoma, WA 98424 

Client: 

Sample ID: W€T-J-/ot5D7 

cont. pan wt. 
Cone. # rep. m 

w rz ... 1 
2,.q 2 

3 
4 
5 
1 
2 
3 

J"' 4 
'2- 5 

26 t.-::J- 1 

4 2 

U> 3 
I 4 . 
/0 5 

1 
2 
3 
4 
5 

~D 1 
2 . 
3 

' 
4 
5 

00 1 .o 
2 , 04 2.,t4 r 
3 ' 
4 . 
5 

Tech Initials: 

Date/Time in: IQ/i.5 ll-/~~ 
Date/Time out: 10/2">/oJ: 1100 

fish wt. # 
(mg) fish -'O 

fi 

5 
4 
5 

--=I-;>- ~ 
54 Lf 
&Cf !:i" 
"1-=l-
g.;L, ? 

q 5' 
0 5' 

5' 
15"" 
5 
5 

5" 

I:> 
6' 

5 

r{ 

Oven temp. {°C): _J__Lp_ 
Oven temp. (°C): leO.o 

Fish Weights 
Seven Day Chronic Bioassay 

Species: A. a/finis 

TestNo: 'D7/D-TtJ32 

avg. per fish 
(mg) 

QA check ~1 
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AppendixE 

Bioassay Testing Checklists 
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WET TESTING BIO ASSAY CHECKLIST 

MARINE ACUTE TOXICITY - 48-HOUR STATIC-RENEWAL TEST USING AMERICAMYSIS BAHIA 

Sample m Numbec, u!Er-J- /i!/5(}7 Date: 10/ i7 ~ ~r 
ProjectName: <.LIi /~,.U/,A l iJ~ ~J NPJJ'F5 ver;~ Laboratory: ~ ~/ 
EPA Test Method:c'EPA-821-R-02-012) -f=. Personnel:=~2 4 r1;J..1 &, '<.. k11d. 

<.::_ (Circle method to ve · .:::Z: ~ ;... 
4 

(',i JS IA. -;,(J ~ 

CHAIN-OF-CUSTODY 

Are all Chain-of-Custody (COC) forms included with the sample(s)? 

Correct number of water samples received? 

Is the COC form completely filled out, signed, and dated? 

Was the sample container temperature recorded and within the control limits (4°C)? 

TEST PROCEDURES 

Equipment was calibrated? 

Test salinity is set to project specific salinity? 

Water samples kept at 4°C? 

Testing initiated within 36 hours of sample collection? 

Mysids are 1-5 days old, within 24 hours of same age? 

Mysids acclimated to 25 ± 1 °C? 

Randomization sheets prepared? 

Control prepared? 

Dilution concentrations prepared to correct specifications? 

Test chambers randomized? 

pH, DO, salinity and temperature measured, recorded, and within acceptable 

parameters? 

Ten mysids added to test chamber? 

Environmental chamber at 25 ± I °C with 16 hours light/8 hours dark photoperiod? 

48-Hour Static-Renewal Test using Americamysis bahia Page I 

Yes No"' Comment 

✓ 

/ 
✓ 

✓ S-111,,.,.ff t .f ~ ~ vt vi 
I.I.)/,,,,. (J,I,,,. 

✓ 
✓ 

✓ 
✓ ss/2 
✓ l.t d 
✓ 

✓ 

✓ 

✓ 
./ 

✓ 

✓ 

✓ 

GeoENGINEER~ 
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YES NO COMMENT 

DAILY MONITORING 

Test chambers rearranged according to concentration each day? ✓ 

pH, DO, salinity and temperature measured and within acceptable parameters? 
~ @ 

Mysids fed once daily V 
Surviving mysids counted? v 
Tanks cleaned? v ~~ l~.ukc_ 

,t -~ 

Effluent renewal at 24 hours? ✓ 

Test ended within 48 ± 2 hours of start time? ✓ 

DATA REVIEW 

Test acceptability criteria met? 
✓ • Mean control survival> 90% 

Records are complete with no missing data? 
✓ . 

48-Hour Static-Renewal Test using Americamysis bahia Pagel GeoENGINEER~ 
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WET TESTING BIO ASSAY CHECKLIST 

MARINE ACUTE TOXICITY - 96-HOUR STATIC-RENEWAL TEST USING MENIDIA BERYLLINA 

Sample ID Number: ~ f_, ~ 15 D 7 Date: I tjtb{ 6 7 , 
Project Name: Sh p_ /,;W, M,Pt>ES $f Laboratory: ~~fu..d 'f;~ 
EPA Test Method~ Personnel: ·, 'c.. f;/h/rQi,., M✓.I;, /4,(), -d✓ 

(Circle method to ve , ~2 'fv/,:.i, ,Z, \/4i,<,, (,,.; .. ,A't,,o / 
CHAIN-OF-CUSTODY Yes No Comihent 

Are all Chain-of-Custody (COC) forms included with the sample(s)? 
✓ 

Correct number of water samples received? ✓ 
Is the COC form completely filled out, signed, and dated? 

✓ 

Was the sample container temperature recorded and within the control limits (4°C)? I/ ..>4¥~.S N I?-& - I,_,.,/' 
w/1"' IJ-l 

TEST PROCEDURES 

Equipment was calibrated? 
/ 

/ 

Test salinity is set to project specific salinity? ✓ 
/ 

Water samples kept at 4°C? / 
/ 

Testing initiated within 36 hours of sample collection? / 3~h.. 
Fish are 9-14 days old, within 24 hours of same age? / / 2,, ci tJ/cl 
Fish acclimated to 25 ± I °C? ✓ 
Randomization sheets prepared? 

✓ 
Control prepared? 

✓ 
Dilution concentrations prepared to correct specifications? ✓ 
Test chambers randomized? V 

•-" 

pH, DO, salinity and temperature measured, recorded, and within acceptable ✓I f,f::;:il:t i,,_, 

parameters? n DY -Ii d.,ilu ¼= ~ 
Ten fish added to test chamber? ✓ 

Environmental chamber at 25 ± 1 °C with 16 hours light/8 hours dark photoperiod? v 

96-Hour Static-Renewal Test using Menidia beryllina Page 1 GEOENGINEER~ 
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YES NO COMMENT 

DAILY MONITORING 

Fed animals once prior to 48 hour renewal? / 
/ 

Test chambers rearranged according to concentration each day? / 
pH, DO, salinity and temperature measured and within acceptable parameters? 

~ ~ 

80% oftest solution renewed at 48 hours? / 
, 

Surviving fish counted? I/ 
Tanks cleaned? 

V 

Test ended within 96 ± 2 hours of start time? v 

DATA REVIEW 

Test acceptability criteria met? v 
• Mean control survival> 90% 

Records are complete with no missing data? 
V 

Comments: 

~--~ s €-4'~ -e. i, r -e.t-A ..1-1 6' t. ./2 ~t-t 

t,_ J- 0 z f {-'MA P /-1. /f'I = av a., /4 II< , I ,-e ,._,,_, ,.k ,,,( 

96-Hour Static-Renewal Test using Menidia beryllina Page 2 GEoENGINEER~ 
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WET TESTING BIOASSA Y CHECKLIST 

MARINE CHRONIC TOXICITY - 7 DAY ST A TIC-RENEW AL TEST WITH AMERICAMYSIS BAHIA 

' -
.:i::.at-~i:- Jt,.,,,,../i/it';, L, ·c- Tvf,L 

/ 
w j} 

CHAIN-OF-CUSTODY Yevs No Comment 

Are all Chain-of-Custody (COC) forms included with the sample(s)? ✓ 

Correct number of water samples received? ✓ 

Is the COC form completely filled out, signed, and dated? v 
Was the sample container temperature recorded and within the control limits (4°C)? ✓ 

TEST PROCEDURES 

Equipment was calibrated? ✓ 

Test salinity is 30 ± 2ppt? 
✓ 

Water samples kept at 4°C? v 
Testing initiated within 36 hours of sample collection? 

V 3f /.; 
Test animals are 7 days old, within 24 hours of same age? v 
Randomization sheets prepared? 

V 

Control prepared? v 
Dilution concentrations prepared to correct specifications? ✓ .... : 
Test chambers randomized? .. .;;ii'; ✓ 

pH, DO, salinity and temperature measured, recorded, and ~ithin acceptable ✓ 
parameters? 
Mysids added to test chambers? 

V 

Environmental chamber set to 26°C with 16 hours Iight/8 hours dark photoperiod? ,/ 

7 Day Static-Renewal Test with Americamysis bahia Page 1 GEO ENGINEER~ 
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YES NO COMMENT 

DAILY MONITORING 

Test chambers rearranged according to concentration each day? 
✓ 

pH, DO, salinity and temperature measured prior to water change and after water 

✓ change during the 7 day period? Are the measurements within acceptable 
parameters? 
Tanks cleaned? ✓ 
90% test solution renewals conducted? 

✓ 
Surviving mysids counted daily? v 
Mysids fed twice a day on Days 1-6? v 
Mysids dried on Day 7? v 
Mysid weights measured? ✓ 

DATA REVIEW 

Test acceptability criteria met? 
V • Mean control survival 2: 80% 

• Average drv weight > 0.20 mg per surviving mysid in control 

Records are complete with no missing data? 
✓ 

Comments: 

7 Day Static-Renewal Test with Americamysis bahia Page 2 GeoENGINEER~ 
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WET TESTING BIOASSA Y CHECKLIST 

MARINE CHRONIC TOXICITY- 7 DAY STATIC-RENEWAL TEST WITHATHERINOPS AFFINIS 

Sample ID Number: 'rv lf~ f' f o I ( 67 W l;;'J' 2 - l<Jl7V 7 Date: I <>/JJ.,/47, 
<'f.. I , - • AJlf}tr Wbr Laboratory: N4 ...,). I u f £ ,,/v-u"" -- A. A /2 Project Name: ~ LI- ~ n. ,, ,.,,.. 1 n----.:.L 

EPA Test Methoc(,EPA I 600 I R-95 I 136 \ 7#,f'ls Personnel: ,c; I', Mlltfrth 1/),u ,,./;rtJt;~(cl 
~,~, method to verify) ./ L ft,,,. rc. f'~r rtt~Q ~1~/)L r:. ;/,,','-~ 

CHAIN-OF-CUSTODY Yes No comment 

Are all Chain-of-Custody (COC) forms included with the sample(s)? V 

Correct number of water samples received? V 
Is the COC form completely filled out, signed, and dated? v 
Was the sample container temperature recorded and within the control limits (4°C)? / 

TEST PROCEDURES 

Equipment was calibrated? / 
Test salinity is 30 ± l ppt or 34 ± 2 ppt? v 3o a,f 
Water samples kept at 4°C? v I' 

Testing initiated within 36 hours of sample collection? V 3/ t, 
Test animals are 9-15 days old? v I/J d 
Fish acclimated to 20 ± l °C? v 
Randomization sheets prepared? v 
Control prepared? ✓ 

Dilution concentrations prepared to correct specifications? ✓ 

Test chambers randomized? v 
pH, DO, salinity and temperature measured, recorded, and within acceptable ✓ 
parameters? 

Fish added to test chamber? V 
Environmental chamber at 20 ± 1 °C with 16 hours light/8 hours dark photoperiod? ✓ 

7 Day Static-Renewal Test with Atherinops a/finis Pagel GEOENGINEER~ 
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YES NO COMMENT 

DAILY MONITORING 

Test chambers rearranged according to concentration each day? ✓ 

pH, DO, salinity and temperature measured prior to water change and after water 
change during the 7 day period? Are the measurements within acceptable ✓ 
parameters? 
Tanks cleaned? 

✓ 
-r1-sfck~v, l(Yc.itn'c. Wf'J 

75% test solution renewals conducted? ✓ 

Surviving fish counted daily? ✓ 

Fish fed twice a day on Days 1-6 with morning feeding at least I hour prior to water v 
change? 
Fish rinsed with DI on Day 7? 

✓ 

Fish dried on Day 7? v 

Fish weights measured? ./ 

DATA REVIEW 

Test acceptability criteria met? 

• Mean control survival 2". 80% 

• Mean dry weight per fish 2:. 0.85 mg in the control ✓ 
• MSD <25% (survival) and MSD <50% (growth) 

• Copper LC50 for survival ~205 µg/L 

Records are complete with no missing data? ✓ 

Comments: 

7 Day Static-Renewal Test with Atherinops affinis Page2 GeoENGINEER~ 
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AppendixF 

Sample Check-In Sheet 
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Nautilus Environmental 
5009 Pacific Hwy East, Ste. 2 
Tacoma, WA 98424 

Client: ft> W,y1'-r,ll//,µJ-J/51.t !/ 
Sample ID: Siu/ wer 

Tests Performed: fa,. 4-(A; ff~; A«-(. 
Test ID No(s).: ___ if ______ _ 

Sample ID: f,v _ _ __ . _ 

Sample Collection Date & Time:wl~6u..,,~~~l.l.L..+:-=--1~.><...J.--''-=----"=-f-'-----'--'-'--'-',,,._--'-"-'--'--+-----t----i 

Sample Receipt Date & Time: ~l.:...!O f....:1L5!..::/D:....:-=l-~---1:~+i,!'.t...!..;!.J=----'~-=--!-"-'+.LL.:.-'-'-----'-''--"-'"'-+----t----1 

Check-in Temperature (°C) 
I -;..:- I ·::.-._ - I ;,.'..._,-

N 

11-.0 
Temperature OK? © N y N 

DO (mg/L) Z .0 

pH (units) (, . ict _ 
Conductivity (µSiem) 10 -::f '1... lt., 

Salinity (ppt) _ fl A, 

Tit.Vol/Sam.Vol./Alkalinity(mg/L)* 1-D /J..5 /%~D,JJI[ 2~f?J(o0,1' - I 
Tit. Vol./ Sam. Vol./ Hardness (mg/L)* • I. t.f I lS 15b .·. f? I 2t; 1-:fw 1.z I . , I 

Total Chlorine (mg/L) < D .03 0 . 0 3 0. ( 
Total Ammonia (mg/L) L .f L / LJ I f I . .. - ,.,.......,._ 

Technician Initials 

* = mg/las CaC03, • = Measured for freshwater samples only, NA= Not Applicable, 

NM = Not Measured 

Freshwater Tests: 

Control/Dilution Water Source: test type: __ 8:2 (DMW) MHW Other: ___ Alkalinity: __ _ 

Control/Dilution Water Source: test type: __ 8:2 (DMW) MHW Other: ___ Alkalinity: __ _ 

Additional Control? Y N = ___________ _ Alkalinity: __ _ 

Marine Tests: 

Control/Dilution Water Source: 

Control/Dilution Water Source: 

NAT SW 

NAT SW 

Alkalinity: 1ZQ_ 
Alkalinity: ---1Z:Q_ 

Additional Control? 

test type: My1Aa:C ~ 
test type:~°'-~ 

y N = _________ _ Alkalinity: __ _ 

Sample Salted w/ artificial salt? Y N If yes, what ppt? __ _ test type: __ _ 

Sample salted w/brine? Y N If yes, what ppt? __ _ test type: __ _ 

Hardness: ___ _ 

Hardness: ----
Hardness: ___ _ 

Salinity: 

Salinity: 

23.2--
2--~ .1--

Salinity: __ _ 

Comments: Temperature for grab sample must be 0-20°C if received within 1 hour of collection time, 0-12°C if effluent received within 

4 hours of collection time, and 0-6'C for all other samp_les. 

Sample Check-In Information 

Sample Des(:ription: 

COC Complete? Y or N 

1~2~3~ 

Filtrationt? Y . /~, 
.POl'e)~•~f ·~__,-­
Qrgaqismi:. 

Aeration? ·~ ,Iii 

Lengfl'l'Of'{:ime: 

HardnessAdjustment? Y .·@ 
lfadjl:lst~~; pleaseseeworkslleet 

for details. 

Sub-samples for additional clieniistry: 

QCCheck: ~ 
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Chain-of-Custody Forms 
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A1,d:i [u-s bt'lvt YOi'lJ«lK tAl 
0 CALIFORNIA 

5550 Morehouse Drive• Suire 150 
Son Diego, Colifomio 92121 
Phone 858.587.7333 
Fax 858.587.3961 

r\i UHl'iufNGTON 
>fsoo9" P;cilk Highway East· Suite 2 

Tacoma, Washingloo 98424 
Phone 253.922.4296 
Fax 253.922.5814 

0 BRITISH COLUMBIA 
8664 Commerce Court 
Burnaby, British Columbia, Canada VSA 4N3 
Phone 604.420.8773 
Fax604.357.1361 Date 

Chain of Custody 

Jo/2 qfeftage _l of _L 
Sample Collection by: l~e-\}\ Q · 1~ 1µ,,....., 

1 
-CC:J - ehc/1 Y'1l~\ ANALYSES REQUIRED 

Report to: 

Compo 

Addre 

City '<:KJV\'i(\I~ \ ::>tate~v, I 

Contact 't21 \\ t-f"- ~c-, 

Phone/Email l-t 1.-c.,'" - G,) J:: - ( 1 D $""" 

SAMPLE ID DATE TIME 

wti -'!,--/.:, I 1 o t 

PROJECT INFORMATION 

CLIENT -·' 

St\JJ 
City _________ State ___ Zip __ _ 

Contact ~ \(__ ~4 k 5 : 
Phone/Email ______________ _ 

MATRIX CONTAINER I NUMBER OF 
lYPE CONTAINERS 

COMMENTS 

f,,J 

RELINQUISHED BY (CLIEN1] 

Additional costs may be required for sample disposal or storage. Net 30 unless ot!ierwise controcted. 

RELINQUISHED BY (COURIER) 

(Signature) (Time) 

(Date) 

DISTRIBUTION: WHITE - Nautilus Environmental, COLOR · Originator 
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v\l,ltill,\.S 6/'t.vi rn1u,vte.l't.-l:At 

Sample Collection by: ~$ ~ ....__ , -

Report to:_ -- J I 

ue...Dr ~ li:>t 

□ CALIFORNIA 
5550 Morehouse Drive• Suite 150 
San Diego, carrrornia 92121 
Phone 858.587.7333 
Fax 858.587.396 l 

I Invoice to: 

sMJ( Company 

Address 

□ WASHINGTON 
5009 Pacific H~hway East· Suite 2 
Tacoma, Washington 98424 
Phone 253. 922.4296 
Fax 253.922.5814 

City Zip '1_!0'J-;,--- City State Zip 

Contact Contact ran--/L 'E-~~~)· 
l..f vr ~ "3 ~ L1. o-< Phone/Email Phone/Email 

SAMPLE ID TIME MATRIX CONTAINER I NUMBER OF 
lYfE CONTAINERS 

COMMENTS 

w~t- i ✓10110 ~lfo//7/J~tYtfZv I w l 

CLIENT 

Additional costs may be reQuired for sample dispcsai or sloraae. Net 30 unless olherwise contracted. 

□ BRITISH COLUMBIA 
86 64 Commerce Court 
Burnaby, British Columbia, Canada V5A 4N3 
Phone 604.420.8773 
Fax604.357.l36l Date 

Chain of Custody 

/ (/;ffi ?- Page _( _ of-'----/_ 

ANALYSES REQUIRED 

RELINQUISHED BY (COURIER) 

(Time) 

(Date) 

DISTRIBUTION: WHITE - Nautilus Environmentol, COLOR - Ori!linalor 
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c-~ Au-t[lt,l.S bl4.lJl'(Ov1J11.l/'l-tAl 
0 CALIFORNIA 

5550 Morehouse Drive• Suite 150 
San Diego, Califomio 92121 
Phone 858.587.7333 
Fox 858.587.396 l 

~ASHINGTON 
~~9 Pacific H~hwoy East• Suite 2 

Tacoma, Washington 98424 
Phone 253.922.4296 
Fox 253.922.5814 

0 BRITISH COLUMBIA 
8664 Commerce Court 
Burnaby, British Columbia, Canada V5A 4N3 
Phone 604.420.8773 
Fox604.357.136l 

Sample Collection by: · - - , 

Report to: 

1/J~ 

Contact ~ 1{ ( _R1vti:;;:' 1 

Zip 1'(0oJ 
Phone/Email I{ 2,. L b 1- ]:{q O ) 

Invoice to: / _ J '\ 

Compaay 'fiNUJ ~]\~ Qc~~ 
Address 2. 69i,S =~ H\MLie 
City Co..'f'5o O State C.A Zip 9051(> 
Contact ~ b Th~"-haS: l ( 
Phone/Email 310- 6\ lo- ZI 2§": 

SAMPLE ID DATE TIME MATRIX CONTAINER I NUMBER OF 
TYPE CONTAINERS 

COMMENTS 

we+- i- /of ro 0¥/0IW lvke.., ?C 

Chain of Custody 

Date fr~ Page_/_ of_/ __ 
ANALYSES REQUIRED 

PROJECT INFORMATION RELINQUISHED BY (COURIER) 

CLIENT s~ (Time) I (Signature) (Time) 

P.0.NO. 

i Ly'< ,N (. 
(Date) 

SHIP.PED YIA: 

RECEIVED BY (COURIER) 

Additional costs may be required for sample disposal or storage. Net 30 unless olherwise conlrocted. DISTRIBUTION: WHITE - Nautilus Environmen!ol, COLOR - Ori..,inntnr 

=,--
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